Embolic stroke of undetermined source · Patent foramen ovale closure · Atrial fibrillation · Insertable cardiac monitor Abstract So far, there has been no generally accepted diagnostic and therapeutic algorithm for patients with embolic stroke of undetermined source (ESUS). As recent clinical trials on secondary stroke prevention in ESUS did not support the use of oral anticoagulation and the concept of ESUS comprises heterogeneous subgroups of patients, including a wide age range, concomitant patent foramen ovale (PFO), variable cardiovascular risk factors as well as a variable probability for atrial fibrillation (AF), an individualized clinical approach is needed. In this context, we here present a case of recurrent stroke in a young patient with ESUS and PFO. During treatment according to our Catch-up-ESUS registry study, prolonged cardiac monitoring diagnosed AF, and PFO closure was omitted.
Introduction
Recently, the topic of optimal secondary prophylaxis in embolic stroke of undetermined source (ESUS) patients has been discussed, especially in the context of NAVIGATE ESUS [1] and RE-SPECT ESUS [2] comparing the efficacy and safety of oral anticoagulation (OAC) with rivaroxaban [1] or dabigatran [2] to treatment with acetylsalicylic acid (ASA). There were no differences in stroke recurrence rates per year (4.7% rivaroxaban vs. 4.7% ASA and 4.1% dabigatran vs. 4.8% ASA) [1, 2] . However, patients treated with rivaroxaban had significantly higher annual bleeding rates (1.8 vs. 0.7%) [1] . While a consensus on secondary stroke prevention in ESUS patients has yet to be reached, OAC is not recommended and all ESUS patients receive ASA, even if the risk of atrial fibrillation (AF) may be increased. Moreover, recommendations about searching for AF are lacking, although it was shown that an insertable cardiac monitor (ICM, event recorder) detects AF in about 40% of a high-risk population within one year after ESUS [3] . Another unresolved question is the role of a relevant persistent patent foramen ovale (PFO) in ESUS patients. A common finding in about 25% of the general population, PFO prevalence is higher in up to 50% of ESUS patients depending on patient age [4] . According to the recently published guidelines of the German Society of Neurology, all "patients between 16 and 60 years of age with a cryptogenic ischemic stroke and PFO with moderate or pronounced shunt are recommended a PFO closure" [5] . These national recommendations are also mirrored internationally [6] . On the other hand, all of these guidelines do not cover the extent of neurological and cardiological assessment required prior to PFO closures, especially regarding the diagnostic procedures to rule out AF, i.e., by prolonged electrocardiogram (ECG) screening. Therefore, there is no comment on the need for screening for AF.
Case Report
A 51-year-old female with no relevant past medical history was admitted to our neurological department in 2018 with acute onset of double vision. Magnetic resonance imaging (MRI) showed ischemia in the area of the right median thalamus (Fig. 1a) . Diagnostic workup was performed according to our in-house treatment algorithm according to the Catch-up-ESUS registry (for further information on Catch-up-ESUS, see [7] ). Catch-up-ESUS is an openlabel, academic, prospective, monocentric, observational registry study that started in January 2018. Clinical data of all consecutive ESUS patients ≥18 years old treated in our hospital who have given written informed consent are collected and observed [7] . The treatment algorithm in Catch-up-ESUS includes ultrasound examination of the brain vessels, cardiac examination with ECG monitoring for at least 72 hours, transthoracic and transesophageal echocardiography, blood tests, and assessment of AF-related risk markers [7] .
Transcranial contrast-enhanced ultrasound ("bubble test") showed left-right shunt and transesophageal echocardiography confirmed a relevant PFO with 33 bubbles (Fig. 1d) . A Risk of Paradoxical Embolism (RoPE) score of 6 at this time point suggested an intermediate causality between the PFO and ESUS [8] . Thus, according to the treatment algorithm within Catchup-ESUS, the patient was treated with ASA as secondary stroke prevention. In addition, an ICM was implanted. PFO closure was recommended if AF was ruled out during the following 3-6 months. In January 2019, the patient was readmitted with acute onset of expressive aphasia and hemiparesis on the right side (NIHSS 3, modified Rankin scale 2). Multimodal computed tomography (CT) imaging with CT angiography showed middle cerebral artery occlusion on the left side with mismatch in CT perfusion (Fig. 1c) . Our patient was treated with intravenous thrombolysis within 70 min and improved clinically (modified Rankin scale 0 at discharge). Deep vein thrombosis had been ruled out both times (D-dimers 0.8 and 0.7 mg/dL, normal range <0.5 mg/dL); venous ultrasound as standard imaging to rule out deep vein thrombosis was performed as part of the Catch-up-ESUS treatment algorithm and was unremarkable. A few days after recurrent stroke, AF was detected over a time period of 30 s. PFO closure was omitted. Instead, the patient was treated with lifelong OAC.
Discussion/Conclusion
Regarding our case, the treatment in accordance with the guidelines would have been an immediate PFO closure without extensive cardiac rhythm monitoring and subsequent AF detection. As AF is considered to be the etiology of recurrent stroke, our case demonstrates the need for intensive monitoring for AF in ESUS patients and concomitant PFO. This can prevent unnecessary PFO closure procedures in patients in whom AF is detected afterwards with an indication for lifelong OAC. In addition, PFO closure can cause AF as a periprocedural complication in about 5% of patients, and development of AF is probably much more likely over the following years and decades, but data regarding this point are sparse [9] . Therefore, ICM implantation before PFO closure should be considered. The diagnostic challenge and importance of new guideline recommendations is reflected by this case and the Catch-up-ESUS registry study [7] . In our Catch-up-ESUS registry study [7] , a standardized search for AF is implemented for up to 6 months using ICM prior to an interventional PFO closure. Especially as PFO closure is invasive, possibly resulting in complications, an undesired closure may be avoided in patients with an indication for lifelong OAC. Additionally, the group of ESUS patients <60 years of age presented in the discussed clinical trials is very heterogeneous, ranging from young patients with PFO and without any cardiovascular risk factors as discussed in our case report to middle-aged and old patients with a high cardiovascular risk profile. In summary, in stroke and PFO, prolonged cardiac monitoring for the detection of AF should be considered before PFO closure. 
